Abstract Persons from the Indian subcontinent have elevated coronary heart disease risk. We measured insulin resistance with the insulin suppression test in 22 Asian Indian men and women and an equal number of control subjects of European ancestry matched for age and body mass index. Asian men and women had increased glucose and insulin responses to oral glucose tolerance tests (P<.05 by ANOVA) and had approximately 60% higher steady-state plasma glucose levels during the insulin suppression test (P<.001 by ANOVA), consistent with insulin resistance. In response to mixed meals, Asian women had higher plasma free fatty acids and glycerol concentrations than women of European ancestry (P<.02 by ANOVA), whereas Asian Indian men had similar free fatty acid and glycerol levels compared with men of European ancestry despite higher plasma insulin levels. Thus, P ersons from the Indian subcontinent are at increased risk for coronary heart disease (CHD) death 1 ' 2 even though they lack an excess of some traditional risk factors for CHD, specifically smoking, high-fat diet, and elevated low-density lipoprotein (LDL) cholesterol.
P
ersons from the Indian subcontinent are at increased risk for coronary heart disease (CHD) death 1 ' 2 even though they lack an excess of some traditional risk factors for CHD, specifically smoking, high-fat diet, and elevated low-density lipoprotein (LDL) cholesterol. 2 McKeigue et al 34 and others 5 report that compared with British men and women, Asian Indian men and women have lower fasting plasma high-density lipoprotein (HDL) cholesterol, higher triglycerides, and higher glucose and insulin concentrations, both fasting and in response to an oral glucose load. This cluster of risk factors is postulated to have its basis in insulin resistance. 6 The current study is the first to directly measure insulin resistance in Asian Indians. Plasma lipid and lipoproteins that are associated with insulin resistance 79 were also measured.
Methods

Subjects
Thirteen men and nine women born on the Indian subcontinent were matched for age and body mass index (BMI) with equal numbers of men and women of European ancestry. All subjects were recruited through newspaper advertisements for a study of relations of blood sugar and insulin to CHD risk factors. Subjects were excluded if they had diabetes by history or a fasting plasma glucose concentration >6.4 mmol/L. Other results in both sexes were consistent with resistance to insulin suppression of free fatty acid levels in Asian Indians. Asian Indians of both sexes had higher fasting plasma triglyceride (P<.01) and lower high-density lipoprotein cholesterol (P<.01) concentrations than men and women of European ancestry. Resistance to insulin-stimulated glucose uptake and to insulin suppression of free fatty acid levels in Asian Indians is associated with a number of metabolic abnormalities that are demonstrated risk factors for coronary heart disease, including increased glucose, insulin, and triglyceride concentrations and decreased high-density lipoprotein cholesterol concentrations. (Arterioscler Thromb. 1994;14:917-922.)
Key Words • coronary heart disease • insulin suppression test • steady-state plasma glucose • free fatty acids • glycerol exclusion criteria included use of drugs known to affect carbohydrate or lipid metabolism, including antihypertensives; postmenopausal hormones or birth control pills; and CHD, cancer, or thyroid, renal, or liver disease as determined by clinical history and laboratory evaluation. Asians came from both North and South India, and were, with two exceptions, Hindus. They had lived in the San Francisco Bay area an average of 10 years.
Measurements
Measurements were made in the morning after an overnight fast. Body weight (in kilograms) and height (in centimeters) were determined, and BMI was calculated as kilograms/meters squared. Skinfold measurements were determined over the triceps muscle and subscapular sites three times with a Lange caliper (Beta Technology, Inc), and the mean was recorded. Waist (smallest circumference between the costal margin and the iliac crest) and hip (girth at the greater trochanter) were measured to the nearest 0.5 cm, and the waist-to-hip ratio (WHR) was calculated.
Diet history for a typical 24-hour period was recorded by a nutritionist. Data were analyzed using a software program with a database from the US Department of Agriculture Composition of Foods. Physical activity was assessed by asking volunteers if they regularly engaged in strenuous exercise or hard physical labor and how they rated themselves compared with others their age: (1) much less active; (2) somewhat less active; (3) about as active; (4) somewhat more active; or (5) much more active. The number of alcoholic drinks consumed in an average week was recorded. No participants were smokers.
On the first morning all subjects underwent a standard 75-g oral glucose tolerance test. Plasma was obtained at 0, 30, 60, 120, and 180 minutes for measurement of plasma glucose, insulin, and free fatty acids (FFAs). On the second day of testing all subjects underwent measurement of insulin-stimulated glucose uptake as estimated by a modification of the insulin suppression test. 1011 The study began at 8 AM after an overnight fast with a continuous infusion of somatostatin (214 nmol/h), insulin (180 pmol/m 2 per minute), and glucose (13.2 mmol/m 2 per minute). Somatostatin was used to inhibit endogenous insulin secretion. Blood was sampled every 30 minutes for the first 2 s h hours, by which time steady-state plasma glucose (SSPG) and steady-state plasma insulin (SSPI) levels were achieved. Blood was then sampled at 10-minute intervals during the last 30 minutes (at 150, 160, 170, and 180 minutes) for measurement of plasma glucose and insulin concentrations. These four values determined the SSPG and SSPI concentrations. Since SSPI levels were similar in all subjects, SSPG levels provided a measure of the ability of insulin to promote disposal of infused glucose. Subjects with high SSPG are relatively insulin resistant.
The final test was a meal-tolerance test. Subjects were admitted after an overnight fast and served breakfast at 8 AM and lunch at noon. Test meals, which were composed of commonly consumed foods, contained 45% calories from carbohydrate, 40% from fat, and 15% from protein; 20% of each subject's total daily caloric requirement was contained in breakfast and 40% in lunch. All subjects received the same menu, but the amount of food was adjusted to match individual estimated caloric requirements as determined by the Harris-Benedict equation, which estimates basal energy expenditure and a standard activity factor of 1.5. 12 Blood samples were drawn fasting and hourly until 4 PM and were analyzed for plasma glucose, insulin, FFA, glycerol, and triglyceride concentrations.
Fasting specimens were obtained for measurement of plasma lipids and lipoproteins on each of the three test mornings.
All venous blood samples were drawn with the subject seated and placed in Vacutainer tubes containing 1.5 mg/mL disodium EDTA. Tubes were immediately placed on ice, and plasma was separated from blood within 20 minutes and stored at -70°C. An aliquot of plasma was immediately precipitated with an equal volume of 10% perchloric acid, and the deproteinated supernatant was kept at -70°C.
Glucose was determined by the glucose oxidase method 13 and insulin by double radioimmunoassay. 14 FFAs and glycerol were measured enzymatically by colorimetric determination. 1516 Plasma for cholesterol and triglyceride measurements was subjected to sequential ultracentrifugation to isolate the very-low-density lipoprotein (VLDL), intermediate-density lipoprotein (IDL), LDL, and HDL fractions, 17 as described in detail elsewhere. The triglyceride 18 and cholesterol 19 contents of these fractions were also determined.
The study was approved by the Stanford Human Subjects Committee; each subject gave written informed consent on admission to the Clinical Research Center.
Data Analyses
Sex-specific analyses comparing the two ethnic groups were done by using SAS. All reported differences are for ethnic comparisons within each sex. Comparisons between groups (Asian versus European ancestry) on descriptive variables were made by / tests. Plasma triglyceride and cholesterol concentrations were compared between groups by one-way ANOVA using the three triplicate measures obtained on each participant. Comparisons of glucose, insulin, FFA glycerol, and triglyceride responses to the oral glucose tolerance test, insulin suppression test, and meal profile were calculated by two-way (group and time-point) ANOVA. Contributions of resistance to insulin-stimulated glucose uptake and of resistance to insulin suppression of FFA to triglyceride and HDL cholesterol concentrations were examined in multivariate models with all subjects combined. First, Pearson correlation coefficients were calculated between triglyceride or HDL cholesterol and the other variables. Variables that were significantly (P<.05) associated with triglyceride or HDL cholesterol concentration in univariate analyses were entered as independent variables into multivariate regression equations with either triglyceride or HDL cholesterol as the dependent variable. Table 1 shows clinical and metabolic characteristics of subjects by sex and ethnic background. The two groups of men and two groups of women were well-matched by age and BMI. Asian men and women had higher subscapular skinfolds than their respective Europeanancestry groups, but WHR did not differ. Diastolic blood pressure was higher in Asian women than control women. Asian Indians drank less alcohol than control subjects. There were no differences between ethnic groups in exercise habits. Asian Indian women ate a diet significantly lower in percent fat than control women. Measurement of these behavioral variables by selfreport is less precise than measurement of metabolic variables, and they are intended to be descriptive only.
Results
Fasting glucose was the same in all four groups. Total glucose response was higher in Asians than in men and women of European ancestry, but the difference was significant only for women. Fasting insulin was similar in the four groups, but total insulin response was significantly higher in Asian men and women compared with control subjects. The 2-hour insulin response was also higher in Asian women than control women. Table 2 shows fasting plasma triglyceride and cholesterol concentrations. Total, VLDL, and LDL triglycerides were higher in Asian men and women compared with the respective European-ancestry control subjects. HDL triglycerides were higher in Asian men than control men, and IDL triglycerides were higher in Asian women than control women.
Among men, IDL cholesterol was lower in Asians than in those of European ancestry. Total and LDL cholesterol levels were lower in Asian women than European-ancestry women, whereas VLDL and IDL cholesterol levels were higher in Asian women. Both Asian groups had significantly lower HDL cholesterol than persons of European ancestry. Fig 1 shows SSPG and SSPI responses to somatostatin, glucose, and insulin infusions. SSPI concentrations (bottom) were the same in the men but slightly higher in Asian Indian compared with control women (.05>P<.l by ANOVA). SSPG levels (top) therefore reflect the ability of insulin to stimulate glucose uptake. SSPG concentrations were substantially higher in both Asians groups compared with control subjects (P<.001 by ANOVA), which is consistent with insulin resistance. Because SSPI was slightly higher in Asian Indian than control women, their SSPG levels may actually underestimate their degree of insulin resistance. Fig 2 shows glucose and insulin responses to mixed meals. Glucose response after 8 hours did not differ in the men but was significantly higher in Asian women than women of European ancestry (P<.Q0l by ANOVA). Insulin responses were significantly higher in Asians compared with control subjects in both sexes (P<.001 by ANOVA). 2120 (593) 26 (10) 58 (12) 16 (4) 5.1 (0.8) 1637 (336) 19 (7) 63 (11) 17 (7) 5.0 (0. ANOVA) and significantly higher in Asian women compared with control women (/ > <.001 by ANOVA). To examine the independent contributions of resistance to insulin-mediated glucose uptake and resistance to insulin suppression of FFA to triglyceride and HDL cholesterol concentrations, multivariate models were constructed. First, Pearson correlation coefficients between triglyceride or HDL cholesterol and the other variables were calculated. Variables significantly (/*<.O5) correlated with either triglyceride or HDL cholesterol in univariate analyses were entered into multivariate regression models together with age, ethnic background, and gender. SSPG was used as the indicator of resistance to insulin-mediated glucose uptake, and integrated area of postprandial FFA was used as the indicator of resistance to insulin suppression of FFA. Because these two were highly correlated, separate models were constructed for each one. 
Discussion
Although an impairment in insulin-stimulated glucose uptake among Asian Indians has been inferred from elevated fasting and post-oral glucose-challenge insulin concentrations, 4 this is the first study to directly demonstrate a defect in insulin-stimulated glucose uptake in this population. Asian Indian men and women had higher SSPG levels than men and women of Euro- pean ancestry despite similar SSPI concentrations, indicative of tissue insulin resistance. This was true even though Asians and control subjects were well matched in BMI and physical activity, factors known to affect insulin sensitivity. 2021 The magnitude of the difference in insulin-stimulated glucose uptake was substantial: there was an approximately 60% increase in SSPG in Asian men and women compared with control subjects. The data also demonstrated that Asian Indians have a defect in insulin suppression of plasma FFA and glycerol levels. 22 During the 8 hours after the mixedmeal challenge, Asian women had significantly higher FFA and glycerol concentrations despite the fact that their insulin concentrations were also higher. In Asian men, FFA and glycerol concentrations were not higher than in men of European ancestry, but their insulin concentrations were substantially higher than those of the control men. The fact that FFA and glycerol concentrations were not lower in Asian than control men is consistent with a defect in insulin suppression of FFA and glycerol levels in Asian men. The parallel responses of plasma FFA and glycerol suggest the defect is due, at least in part, to impaired suppression of lipolysis in Asian Indians.
This group of Asian Indians demonstrated the expected lipid and lipoprotein abnormalities previously shown to be associated with insulin resistance: elevated triglyceride concentrations and decreased HDL cholesterol concentrations.
68 - 9 The latter may also be related to the ethnic difference in alcohol consumption. It is notable that in this population at high risk for CHD, 2 total and LDL cholesterol concentrations were not elevated. In fact, Asian women had lower total and LDL cholesterol concentrations than women of European ancestry. This finding and the fact that Indians in this study consumed a relatively high-carbohydrate diet suggest that one intervention designed to reduce CHD risk, namely a high-carbohydrate diet, may be ineffective in Asian Indians. In fact, insofar as this diet raises plasma triglycerides and lowers HDL cholesterol, 2326 it might increase CHD risk in this population.
The basis for the relation of insulin resistance to the lipid and lipoprotein abnormalities demonstrated in this study has been discussed. 69 Hyperinsulinemia is associated with increased VLDL triglyceride secretion from liver, 727 and FFAs are the major substrates of hepatic VLDL triglycerides. Hyperinsulinemia is also associated with an increased catabolic rate of tritiated HDL cholesterol. 28 Although cross-sectional studies cannot determine causality, the present study again demonstrates the independent contributions of resistance to insulinmediated glucose uptake and resistance to insulin suppression of FFA to triglyceride and HDL cholesterol concentrations, lending further support to the proposal that high triglycerides and low HDL cholesterol have their basis in insulin resistance. 6 This metabolic study is limited by the small sample size and the fact that subjects were recruited as volunteers, not randomly selected from a population; thus, the generalizability of the findings may be limited. However, Asian Indians who are Sikh, Punjabi Hindu, Gujarati Hindu, and Muslim have elevated plasma insulin and triglyceride levels and decreased HDL cholesterol concentrations, 4 as did our subjects, suggesting that the demonstrated metabolic defect is common to persons from the Indian subcontinent.
It has been pointed out that the Native American Pimas also show resistance to insulin-stimulated glucose uptake but do not have an elevated rate of cardiovascular disease (CVD) compared with persons of European ancestry. 29 This is not true for all Native American groups, however: the Sioux and other Plains Native Americans have higher rates of CVD than other Americans. 30 Furthermore, the increased risk for CVD associated with non-insulin-dependent diabetes is as high in Native Americans as in other groups, 31 suggesting that insulin resistance plays the same role in CVD risk among Native Americans as it does in other ethnic groups. Differences in absolute CVD rates between Asian Indians and Native Americans may be due to other factors, including genetics and environment.
In summary, this study showed that Asian Indians have substantial resistance to insulin-stimulated glucose uptake, hyperinsulinemia, a defect in insulin suppression of FFA and glycerol concentrations, and high plasma triglyceride and low HDL cholesterol concentrations compared with persons of European ancestry. This cluster of metabolic defects may contribute to the high rates of CHD in this population.
